The exchangeable cations in Finnish soils have not been an object of particularly intensive study. In the papers of Kivinen (10) and Aarnio (1) attention has been paid mainly to the T-, S-, and V-values in Finnish clay soils. Further information has been given by e.g. Keränen (9), Heinonen (4. 5), Salonen (15) and Puustjärvi (14) .
Material and methods
The material of the present work consists of 100 soil samples collected from various parts of our country. 35 samples are from the plough layer, and 32 samples from the deeper layers of cultivated soils, 14 On the basis of the mechanical analyses performed by the areometric procedure of Soveri and Hilpi (18) The soil pH was measured in a 1 to 2,5 suspension in 0.01 M CaCl 2 by a Beckman pH meter with a glass electrode. The content of soil organic carbon was determined by a modified method of Walkley (19) using the iodometric titration.
Exchangeable cations were leached from air-dried, ground soil samples with neutral 1 N ammonium acetate by a modified method of Schollenberger and Simons (17) .
A 5 g sample of organic soil or a 10 g sample of mineral soil was weighed in a Metson tube. Into these tubes the following layers were packed; 1) about scm finely torn filter paper 2) 5 g of washed quartz sand 3) the weighed soil sample mixed with an equal amount of quartz sand 4) 5 gof quartz sand. Ammonium acetate was added in portions of 50 ml, the total amount was 200 ml.
The percolation was adjusted so that the period of leaching was 4 to 8 hours. Exchangeable hydrogen was determined by titrating the soil leachates with 0,1 N NaOH electrometrically using a glass electrode to the pH 7.0 of the original ammonium acetate solution. Exchangeable calcium, potassium and sodium were determined directly from the soil leachates using the Beckman Model DU spectrophotometer with the flame attachment 9200. In the determinations the following wavelengths were used: Ca 554 m/i, K 768 m/j, and Na 589 m/<.
Magnesium was determined from the filtrates by versene titration after calcium was first precipitated as oxalate (6) .
CEC values were calculated as the sum of all exchangeable cations, and the percentage base sat-£ exchangeable bases uration from the equation 100 X CEC
The accuracy of analyses All the analyses were performed at least in duplicates. Usually a fairly low degree of accuracy may be obtained in studies of cation exchange in the routine work. Looking for the sources of errors in these determinations the variation in the efficiency of leaching, the heterogenesity of the soil, the disturbing ions in the leachates and the particular measuring errors may be among the most important ones. The ratio of soil to solution was 1 to 20 in the mineral soils, which Fieldes and his co-workers (3) claim to result in a nearly perfect exchange. It was, however, impossible to make the rate of percolation quite equal for all the samples, and that could cause some differences in the determinations. In order to minimize the effect of other cations the standard solutions were compensated for the average amounts of the most common cations.
In the magnesium determinations from the strongly coloured organic soil leachates first organic matter and NH 4> and then P, Al, Fe, Mn were removed (7) .
In order to get an idea about the accuracy of the analyses ten parallel leachings were made with two of the soil samples. It seems that in the determinations ol calcium, magnesium and hydrogen the accuracy ot 0.1 me per 100 g and in the determinations of potassium and sodium the accuracy of 0.01 me per 100 g could be attained. The results in Table 1 According to these mean values the lowest calcium content seems to be found in the deeper layers of the Litorina clays and of the loam and silt soils, the relative amount of calcium on the other hand appears to be distinctly lower in the organic soils and in the Litorina clays than in the other soil groups. That may be partly attributed to the fact that also the percentage of exchangeable hydrogen is very high in these soil types. The distinct difference between the calcium content of the Glacial clays and the Litorina clays has also previously been observed (2).
The mean quantities of exchangeable magnesium extracted by the present method were the following: sand fine sand soils surface ( 9) 0.14 ± 0. The lowest absolute amount of sodium is to be found in the sand and fine sand soils. Relatively, the organic soils have quite a low and the loam and silt soils quite a high content of sodium.
Cation exchange capacity, percentage base saturation and exchangeable hydrogen
It is well-known that clay particles and humus matter are those soil colloidal constituents, which are primarily responsible for the magnitude of the exchange capacity. Heinonen (5) According to these means the highest amounts of exchangeable hydrogen, both absolutely and relatively, are to be found in the groups of the Litorina clays and the organic soils. The loam and silt soils and the sand and fine sand soils also contain relatively high amounts of exchangeable hydrogen, especially in the surface layers. The lowest percentage of hydrogen is obtained in the group of the non-Litorina clays.
Exchangeable cations in various layers of the soil.
The distribution of exchangeable cations in various layers of soil profiles primarily depends on the intensity with which the cations are adsorbed or fixed by the soil, on the leaching conditions, on the amounts of cations carried from the neighbourhood, and also on the utilization of nutrient cations by the surface vegetation. It is noticed when examining the different depths of the soil profiles within this material that the cation exchange capacity tends to decrease in the deeper layers, where the influence of humus no more exists. Because of the leaching of nutrient cations from the upper layers the percentage base saturation is often higher in the deeper layers than in the surface of the profile samples. In the Litorina clays the variation between the different depths seems to be less regular. On the other hand, when some separate soil profiles are examined (Table 2) , it is noticed that certain In comparing the means of the nutrient contents in the surface layers, where the effect of cultivation is mainly to be found, it is noticed that the amount of exchangeable calcium is appreciably higher in the cultivated than in the virgin soils. In this connection, however, attention must be paid to the fact that the group of virgin soils contained relatively less soils of finer texture than the group of cultivated soils. This fact, of course, has also an effect upon the difference between the cation contents of both the groups.
Potassium also occurs in a higher amount in the cultivated soils, the mean content of sodium, on the contrary, seems to be somewhat lower in the cultivated than in the virgin soils.
Discussion
The cation exchange capacity may range to a large degree, the variation being influenced by several factors. Among these are of importance e.g. the mineral composition of the soil, the climatic conditions, the adsorption properties of the soil colloids, the surface vegetation, and in the cultivated soils fertilization, liming, and the uptake of nutrients by the crops.
Values of the characteristic exchange capacity for different soil types and their contents of exchangeable cations are given in many textbooks of soil science, e.g. for the American soils by Lyon The cation exchange capacity of this »ideal» soil varies from 10 to 25 me per 100 g of soil and its pH from 5.5 to 7.5. The optimum contents of this kind, however, cannot always be considered as generally accepted, as they greatly depend on the existing conditions e.g. on the composition of the soil (13) and on the plant concerned (12) . The percentages of the exchangeable bases obtained within this material are, on the average, below the »ideal» contents, hydrogen, on the contrary, appears to be present in a higher degree. The reason for this may be partly that this material contains besides samples of cultivated soils also samples of virgin soils, in which the base content often appears to be fairly low. On the other hand, in many individual samples the cation contents agree well with those of the optimum level.
Generally, the surface layer of the cultivated soils seems to contain the highest amounts of calcium and potassium as a result of fertilization and liming. The magnesium content seems to be highest in the deeper layers of the profiles in all soil types. A high magnesium content in the deeper layers of the soils has previously been found in the clay soils by Aarnio (2) and in the peat soils by Kaila and Kivekäs (8) . The distribution of this kind is to be expected, because it is known that magnesium is sorbed weakly by humic matter and very effectively by clay, and in many of the profiles the clay content tends to increase with depth.
Summary
An attempt was made to study the cation exchange capacity, the percentage base saturation and the amounts of the most common cations in the different types and depths of the Finnish soils on the basis of a material of 100 soil samples from various parts of the country.
The exchangeable cations were leached from the soil with neutral IN ammonium acetate. Calcium, magnesium, potassium, sodium and hydrogen were determined and the exchange capacity was calculated as the sum of all these cations.
In Vaihtuvan magnesiumin pitoisuus lisääntyi selvästi kaikkien maalajien syvemmissä kerroksissa.
Vaihtuvan natriumin määrät näyttivät myös keskimäärin hiukan lisääntyvän syvyyden kasvaessa.
